Neonates show sustained inflammation after a bacterial infection, which is associated with inflammatory diseases like bronchopulmonary dysplasia or periventricular leucomalacia. Physiologically, inflammation is terminated early after the removal of the invading pathogens by phagocytosisinduced cell death (PICD) of immune effector cells. Earlier results showed reduced PICD in neonatal monocytes. The underlying molecular mechanisms are unknown. We hypothesize that the reduced PICD in neonatal monocytes is regulated through the proteins of the B-cell lymphoma 2 (Bcl-2) protein family. Methods: mRNA and protein expression of Bcl-2 family proteins in cord blood and adult peripheral blood monocytes infected with Escherichia coli were analyzed by quantitative real-time PCR and flow cytometry and cytochrome c release by fluorescence microscopy. results: mRNA expression of antiapopototic Bcl-xL was upregulated in cord blood monocytes (CBMO), whereas proapoptotic Bim tended to be higher in peripheral blood monocytes (PBMO). Upon infection, Bax was more strongly expressed in PBMO compared with CBMO. The pro/antiapoptotic balance was skewed toward survival in CBMO and apoptosis in PBMO. Cytochome c release into the cytosol was enhanced in PBMO compared with CBMO. conclusion: Bcl-2 proteins are involved in reduced PICD in neonatal monocytes. These findings are another step toward the understanding of sustained inflammation in neonates.
n eonatal sepsis is a major health problem and an important cause of morbidity and mortality in term and preterm neonates (1) . While the acute infection can be terminated in many cases, the accompanying inflammation is hardly controllable and may outlast the acute disease (2) . The "sustained inflammation" (3) may predispose to inflammatory diseases like periventricular leukomalacia or bronchopulmonary dysplasia, often leading to lifelong sequelae (4, 5) . While clinical characteristics of these diseases are well known, their pathophysiology leading to organ damage is still poorly understood (3) .
Monocytes and macrophages are key effector cells during bacterial infection. They phagocytose bacteria to eliminate pathogens and may orchestrate the following immune reaction by cytokine release and antigen presentation to the adaptive immune system (6) . Under physiological conditions, monocyte activity is terminated by apoptosis (7) , mainly induced by phagocytosis and, therefore, called phagocytosis-induced cell death (PICD) (8, 9) . PICD has been shown to occur after infection with a variety of different pathogens, including Escherichia coli and group-B-Streptococci, two of the main causative agents of neonatal sepsis (9) . PICD of monocytes and apoptosis of other immune cells are important for terminating inflammation (10) . A former study in adult septic patients showed a poor outcome in patients with reduced monocyte apoptosis (11) .
Apoptosis can be induced by at least two major pathways: the extrinsic apoptosis pathway involves death ligands binding to their receptors, leading to activation of caspase 8, and the intrinsic pathway, regulating mitochondrial membrane permeabilization and cytochrome c release through proteins of the B-cell lymphoma 2 (Bcl-2) protein family and leading to activation of caspase 9. Both pathways result in activation of caspase 3 and DNA fragmentation (10) and are involved in PICD (12, 13) .
The Bcl-2 protein family consists of pro (Bax, Bak, Bim, and Bid) and antiapoptotic (Bcl-2 and Bcl-xL) members. Bax and Bak can form pores in the outer mitochondrial membrane and lead to the release of cytochrome c from the mitochondrial intermembrane space (14) . Bax and Bak are inhibited by the antiapoptotic proteins of the family, such as Bcl-2 and Bcl-xL (15) . Bim and Bid can inactivate Bcl-2 and Bcl-xL, which leads to reduced inhibition of Bax and Bak (16) , while Bax and Bak become directly activated by Bim and Bid (17) .
In the previous studies, we found that cord blood monocytes (CBMO) did not differ from peripheral blood monocytes (PBMO) of healthy adults in phagocytosis Bcl-2 proteins and monocyte apoptosis Articles (see Supplementary Figure S1 online) and degradation of bacteria (18) but showed strongly decreased PICD after infection with E. coli compared with PBMO (8) , with the surviving monocytes showing proinflammatory activity (8, 18) . The CD95L pathway of apoptosis was shown to be crucial for monocyte apoptosis after bacterial infection. However, CD95L secretion was strongly reduced in CBMO, while external CD95L could restore CBMO apoptosis (8, 13) .
In this study, we have analyzed the involvement of the intrinsic apoptosis pathway in PICD of monocytes exposed to E. coli and hypothesized that the regulation of this pathway through proteins of the Bcl-2 family may be different in CBMO compared with PBMO. We show that CBMO expressed higher levels of antiapoptotic proteins compared with PBMO, while the expression of proapoptotic proteins was diminished in CBMO. Cytosolic distribution of cytochrome c after infection with E. coli was seen in PBMO and CBMO, and in PBMO to a significantly higher extent. These results suggest an involvement of both the intrinsic and the extrinsic apoptosis pathways in reduced PICD in neonatal monocytes and may be another key mechanism to understanding sustained inflammation in neonates.
RESULTS

Expression of Antiapoptotic Bcl-xL Was Upregulated in CBMO After Infection With E. coli-Green Fluorescent Protein
In CBMO, apoptosis was rare after infection with E. coligreen fluorescent protein (GFP), confirming earlier results (8) (Figure 1) .
To identify the role of pro and antiapoptotic proteins of the Bcl-2 protein family in this process, we studied mRNA regulation of Bcl-2 proteins known to be important in monocytes in PBMO and CBMO after infection with E. coli-GFP. Two hours after infection with E. coli-GFP Bcl-xL mRNA was upregulated 2.6-fold (±0.65) compared with uninfected control cells in CBMO (n = 4; P < 0.05; Figure 2a) . No change in Bcl-xL Figure 1 . Apoptosis upon infection with E. coli-GFP was diminished in CBMO vs. PBMO. PBMO and CBMO were infected with E. coli-GFP for 1 h as described. Cells were incubated for 24 h, and the percentage of hypodiploid nuclei was analyzed by flow cytometry (n = 8) (*P < 0.05). CBMO, cord blood monocytes; GFP, green fluorescent protein; PBMO, peripheral blood monocytes. To determine the pro/antiapoptotic balance of Bcl-2 proteins after infection with E. coli-GFP, we calculated quotients of pro and antiapoptotic proteins, which seemed to be regulated in monocytes. For CBMO, the quotient of proapoptotic Bax to antiapoptotic Bcl-xL was 0.27 (±0.11; n = 4), which means that the pro/antiapoptotic balance was on the antiapoptotic side ( Table 1) . For PBMO, the balance was on the proapoptotic side with a relative expression of Bax mRNA to Bcl-xL mRNA of 2.15 (±0.94; n = 4; P < 0.05 CBMO vs. PBMO). The proapoptotic side was even more dominant in PBMO if we used the quotient of Bim mRNA to Bcl-xL mRNA (4.21 ± 2.36; n = 3). For CBMO, this quotient was 1.07 (±0.67; n = 4; P < 0.05 PBMO vs. CBMO).
Infection With E. coli-GFP Had No Influence on Bcl-xL Protein Expression
To investigate if the regulation of mRNA would be translated to protein level, we analyzed Bcl-family-proteins in PBMO and CBMO after infection with E. coli-GFP by flow cytometry. Bcl-xL expression remained unchanged upon infection in both, PBMO (mean fluorescence intensity (MFI): 13.7 ± 2.9 vs. 12.5 ± 4.1 after 1 h of further incubation and 15.0 ± 10.2 after 4 h of further incubation; n = 6 for 1 h and n = 5 for 4 h; Figure  3a ) and CBMO (MFI: 9.5 ± 2.8 vs. 8.3 ± 2.6 after 1 h of further incubation and 7.8 ± 5.7 after 4 h of incubation; n = 6 for 1 h and n = 5 for 4 hours; Figure 3a) . Compared with uninfected cells, the percentage of Bcl-xL-positive cells seemed to be slightly diminished after infection with E. coli-GFP after 1 h of further incubation in CBMO (95.7 ± 2.1 vs. 89.2 ± 5.2%; n = 6; P > 0.05; Figure 3b ) but not after 4 h of further incubation nor in PBMO.
In monocytes, Bcl-xL can be localized either in the cytosol or at the outer mitochondrial membrane, depending on the apoptotic status of the cell (15, 19) . Intracellular localization of Bcl-xL was analyzed by fluorescence microscopy. In PBMO and CBMO, Bcl-xL was colocalized with mitochondria (Figure 3c,d ). After infection with E. coli-GFP, Bcl-xL was distributed to the whole cytosol.
Bax Protein Expression Was Increased in PBMO After Infection With E. coli-GFP
Intracellular protein expression of Bax was analyzed by flow cytometry. After infection with E. coli-GFP, mean fluorescence intensity of Bax increased in PBMO (52.3 ± 7.7 vs. 14.2 ± 7.4 after 1 h of incubation; n = 6; P < 0.05; Figure 4a,b) but not in CBMO (35.5 ± 9.5 vs. 13.0 ± 6.0; n = 6; P > 0.05; Figure 4b ) compared with uninfected cells. Interestingly, upregulation was preferentially seen in GFP-positive cells, i.e., those taking part in phagocytosis of E. coli-GFP (Figure 4a) . The proportion of Bax-positive cells after 4 h of incubation increased in both PBMO (100.0 ± 0.05 vs. 90.0 ± 3.2%) and CBMO (99.9 ± 0.16 vs. 83.2 ± 8.0%; n = 6; P < 0.05; Figure 4c ).
Cytochrome c Was Distributed to Cytosol After Infection With E. coli-GFP in PBMO and CBMO
To determine a more specific sign in the intrinsic apoptosis pathway, cytochrome c distribution was analyzed after infection with E. coli-GFP by fluorescence microscopy. Infected PBMO and CBMO showed a more cytosolic distribution of cytochrome c compared with uninfected cells (25.0 ± 2.7 vs. 10.7 ± 1.5% and 17.3 ± 1.5 vs. 9.7 ± 1.1%; n = 3; Figure 5 ). However, cytosolic distribution in infected PBMO was more abundant than that in infected CBMO (25.0 ± 2.7 vs. 17.3 ± 1.5%; n = 3; P < 0.05). After incubation with apoptosis-inducing mitomycin, cytosolic distribution of cytochrome c was even more increased than that in infected PBMO (57.7 ± 5.1% cytosolic distribution after mitomycin).
DISCUSSION
This work aimed at identifying molecular mechanisms involved in diminished apoptosis of CBMO upon infection with E. coli-GFP, focusing on the regulation of Bcl-2-proteins. We could show that (i) mRNA expression of the antiapopototic Bcl-xL was significantly upregulated in CBMO and that (ii) mRNA expression of the proapoptotic Bcl-2 protein Bim tended to be higher in PBMO than that in CBMO. (iii) Upon infection, the pro/antiapoptotic balance was skewed toward survival in CBMO and apoptosis in PBMO; (iv) Bax protein expression was enhanced in PBMO as compared with CBMO, while (v) Bcl-xL-expression was slightly diminished in CBMO. (vi) Cytochome c release to the cytosol was enhanced in PBMO compared with CBMO.
Bcl-2-proteins are potent regulators of apoptosis in monocytes (20) . Not only the intrinsic but also the extrinsic apoptosis pathway is influenced by these proteins (21) .
Upregulation of Bcl-xL mRNA in CBMO upon infection (Figure 2 ) is in line with previous studies, which showed that infection of macrophages with E. coli K1 induced de novo synthesis of Bcl-xL in macrophages and made them resistant to staurosporin-induced apoptosis (22) . Upregulation of Bcl-xL-mRNA in macrophages was also shown upon stimulation with LPS and IFN-γ and blocked NO-induced Articles cell death (20) . Because of the stronger expression of Bcl-xL as compared with Bcl-2 (23), it is thought to be the prominent antiapoptotic Bcl-2-protein in monocytes. Comparing the expression pattern of Bcl-2 and Bcl-xL in monocytes and lymphocytes, Okada et al. (20) found that Bcl-xL was predominantly expressed in differentiating cells. Our data show a higher expression of Bcl-xL in CBMO as compared with PBMO, which might point to a different state of differentiation of these cells, underlining former results concerning their immaturity in phenotype and function (24) . Upregulation of Bcl-xL may therefore be an important process in preventing CBMO from PICD as functionally seen. Articles Leiber et al.
By contrast, the mRNA of the proapoptotic protein Bim tended to be higher in PBMO than that in CBMO after infection with E. coli-GFP (Figure 2c) . Upregulation of Bim in macrophages after phagocytosis of bacteria was identified as a mechanism to increase PICD (12, 25) . Moreover, protein expression of Bax was enhanced in PBMO compared with CBMO after infection. Activated Bax directly leads to permeabilization of the outer mitochondrial membrane and consecutively to a release of cytochrome c into the cytosol (26) . The latter can be activated by BH3-only proteins of the Bcl-2 protein family, for example, Bim (27) , while Bcl-xL inhibits activation of Bax and therefore mitochondrial membrane permeabilization (15) . Thus, all these observations point toward a higher sensitivity of PBMO to apoptosis as compared with CBMO.
However, it was suggested that not the absolute levels of proand antiapoptotic proteins determine the cell for apoptosis or survival but rather that the ratio of pro-to antiapoptotic proteins determines cell survival or death (28) . Our data indicate that upon infection with E. coli-GFP, the pro-/antiapoptotic balance of Bcl-2 family members was skewed toward survival in CBMO and toward apoptosis in PBMO.
Somehow contradictory to this, Bcl-xL protein expression was slightly diminished in CBMO after infection, since mRNA was upregulated in CBMO. The inactive form of Bcl-xL is located in the cytosol or bound to the outer mitochondrial membrane (29, 30) . Cytosolic Bcl-xL exists as a monomer or homodimer. During apoptosis, Bcl-xL is translocated to the outer mitochondrial membrane, where it forms heterodimers with proapoptotic proteins of the Bcl-family, e.g., Bax (15, 19) . In this way, Bax can be relocated in the cytosol (31) or Baxactivating factors like Bim, Bid, or PUMA can be inactivated through Bcl-xL (15) , which leads to inhibition of apoptosis. The Bcl-xL monoclonal antibody used here can only detect Bcl-xL monomers, because it binds to an epitope in the BH2-domain, which is involved in dimerization (32, 33) . This may explain the diminished Bcl-xL protein content upon infection in CBMO in our flow cytometric analyses.
In this work, we did not analyze the regulation of the proapoptotic Bcl-2 antagonist killer 1 (Bak), which is known to be functionally very similar to Bax, (16) and therefore may also play a role in PICD of monocytes. Total Bak is bound to the outer mitochondrial membrane (16) and is activated upon homodimerization induced by the same stimuli as Bax (34) . 
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Further investigation is needed to determine the role of Bak in PICD. Indeed, the different regulation of Bcl-2 proteins correlated with the enhanced cytochrome c release into the cytosol in PBMO compared with CBMO ( Figure 5) . Cytochrome c release is thought to be a crucial step toward apoptosis (35) leading to activation of caspase 9 and downstream effector caspases (14) . Cytochrome c is located in the mitochondrial intermembrane space (34) and may be released upon mitochondrial outer membrane permeabilization by activated Bax or Bak (14) . We could demonstrate cytosolic distribution of cytochrome c in both CBMO and PBMO (Figure 5) . However, Jourdain et al. (34) suggested that only total release of cytochrome c leads to apoptosis, while a partial release might not be sufficient for caspase activation. We therefore speculate that cytochrome c release might be hampered in CBMO, possibly because of antiapoptotic distribution of Bcl-2 proteins, while in PBMO, the amount of released cytochrome c may be sufficient for apoptosis induction. This is in line with the previous results showing diminished caspase 9 activation in CBMO upon E. coli infection and strong activation of caspase 9 in activated PBMO (8) .
The results presented here may give further insights into the mechanisms preventing CBMO from PICD and may extend the understanding of the different susceptibility of PBMO and CBMO toward apoptosis. Yet, only alterations in the activation of the extrinsic apoptosis pathway of CBMO have been described, i.e., a diminished release and impact of the two death ligands CD95L (13) and TNF-α (36) . We now show that the regulation of Bcl-2 family proteins and the following steps in the intrinsic apoptosis signaling pathway also differ between CBMO and PBMO.
Reduced apoptosis of activated immune effector cells, such as monocytes, has been described as pathophysiologically relevant not only in autoimmune diseases like systemic juvenile idiopathic arthritis(37) but also in septic patients, leading to excessive and prolonged inflammation and organ damage (11) . Sustained inflammation was identified as crucial in the etiology of bronchopulmonary dysplasia and periventricular leukomalacia, which exclusively manifest during the neonatal 
Phagocytosis Assay
The phagocytosis assay was carried out as previously described (38) . Incubation was performed for 60 min at a multiplicity of infection of 50:1. For analysis of postphagocytic reactions, washed cells were cultured in RPMI supplemented with 10% fetal calf serum and gentamycin (Sigma; 200 µg/ml).
DNA Fragmentation
DNA fragmentation was assessed according to Nicoletti (8, 40 Table 2 . Fluorescence signals were expressed in crossing point values. The specificity of amplification was validated by a single peak in the melting curves. Peptidyl-prolyl-isomerase B, succinate dehydrogenase, and pyruvatdehydrogenase served as housekeeping genes. All experiments were performed in triplicate. Relative expressions were calculated using REST2009 software (Technical University Munich, Munich, Germany).
Statistical Analysis
Analyses were done with GraphPad Prism 5.04 (GraphPad Software, La Jolla, CA) using one-way ANOVA followed by post hoc tests. A P value of <0.05 was considered statistically significant. While doing the experiments for the protein expression of Bcl-xL and Bax, the laser of the flow cytometer was renewed. Obtained MFI values were adjusted.
